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ABSTRACT 

Discussed i s  a method for  measurement of the atmosphere's neutral 

composition with the help of a radiofrequency mass-spectrometer (RMS)* on 

rockets and satel l i tes .  The essential diff iculty ef rocket measurements 

l i e s  i n  the fact ,  that  the apparatus reacts similarly on the direct flux 

of particles of an unperturbed composition, as on the reverse flux of those 

having undergone multiple collisions with the w a l l  of the apparatus, and 

considerably impoverished by atomic constituents (recombination and surface 

reaction). A s  a result, data on atomic oqgen concentration obtained on 

L rockets are underrated, while data on moleczilar oxygen concen ation, as 

well as the values of the mean molecular weight of the air above 100 km 

are overrated. A method i s  proposed for  measurement of the atmosphere neu- 

tral composition by means of the RMS mass-spectrometer on an Earth's ar t i f i -  

c i a l  sa te l l i te ,  d i n d e r e d  by the above-indicated difficulties.  

* This designation has been transliterated. 



CQVER-TO-COVER TRAI'lSLA T I O N  

One of t h e  most important problems i n  all-round complex o f  iaves-cr- 

gations of physical  conditions i n  t he  upper atmosphere and of ads stsncursl 

parameters i n  par t i cu la r ,  i s  present ly  t h a t  of determination of "cerresLr:ai 

atmosphere eornposition at 3-00 km a l t i t u d e  and above, Intensjve i ~ ~ ~ e s t i g a -  

%ions i n  t h a t  region, mostly surveys by means of rocke"cs, have beer carr~ec! 

ou% f o r  nore than seven years. However, despi te  t h e  successes alrsady ackie- 

ved, it must be reco,nized t h a t  t he  problem of gas cor~posi t ian  a% 18U Ian 

a l t i t u d e s  and above, i s  s t i l l  f a r  from being solved, The eali.ses of t?^iPs La2 

l i e  i n  t h e  subs tan t ia l  d i f f i c u l t i e s  encountered when conducting direct* aaawkj- 

s e s  of t h e  composition with the  help of mass-spectrornei;ers of' vsric?us types 

aboard rockets and s a t e l l i t e s .  A s  f a r  a s  i s  known, m s s - s p e c t r o m e t ~ r s ~  ar;d 

i n  pa r t i cu l a r  the so-called Bennett-t3rpe radiofrequency mass-spectro~nete~"~ 

cons t i tu te  t h e  only devices f i t  f o r  such type of measurements, 

The object  of t h e  present work i s  t o  c a l l  adtenti017 do cer ta in  

subs tan t ia l  d i f f icul t ies  oceurring i n  t he  use of radio-frepena" ,~~ x~:es3--speetri;~- 

meter a s  t h e  analyser of atmosphes'els neutra l  composition, and to irndieaie 

ways of surnounLing them, 

Three fundamental d i rect ions ,  among t h e  multiple aspects of t h e  

questfons being solved i n  gas  composition resear,&, along which the work 

has been, and i s  l i k e l y  t o  be ca r r ied  out i n  t h e  fulure,  ought do be sut lx-  

ned here. A s  i s  well  known, such d i rec t ions  a r e :  

l, Measurement of t h e  absolute content (o f  eoncentrations ~ n d  partial 

pressures)  of the  basic atmosphere csns t i tuen ts  - moleeinlar n l t r a j a r j  anc 



oqgen,  and a l so  t he  f inding of the  l e v e l  of t h e i r  dissociat ion,  and of 

t he  degree of d issocia t ion a t  various a l t i tudes .  I n  other words, e ~ ~ s e L  

determination Of O 0, EJ and M concentrations, and deteminatiel: af the 2" 2 

mean molecular weight of t h e  atmosphere a t  various a l t i t udes ,  

2, Analysis of t h e  content of minor const i tuents  of the atmaspilere, 

and f i r s t  of a l l  of l i g h t  gases - atomic (and possibly molecular) h.ydro,ea 

and helium, and a l so  of various chemically unstable compounds, sucn as 

hydroyyl 0% nitrogen oxide NO, e tc .  

3. F i n d i ~  of t h e  l e v e l  of g r n i t a t i o n a l  separation of g8ses, and 

study of t he  degree of t h e i r  separation a t  various d t i t u d e s  by way of 

analysis  of the  r e l a t i v e  content of any two atmosphere c o n s t i t u e n ~ s  with 

d i f f e r en t  molecular weights. Argon and molecular nitrogen are usuabLy arzaly- 

zed on account of t h e i r  greater  content, t h e i r  r e l a t i ve  sLabibity (for tan& 

nitrogen dissocia t ion appasently does not begin below 200 km), agd t h e  

substant idl  difference i n  molecular weights. 

The mass-spectrometer may s u c c e s s f d l y  solve t h e  above-en~ardrated, 

a s  well many other problems of upper atmosphere l ayer  physics, Nonc t i~e i e s~ ,  

a t  present only questions having bearing on grav i ta t iona l  separat~oa o f  

argon and molecular nitrogen provide somewhat complete and r s l x a b l e  answer 

by the  method of radio-frequenq mass-spectrometer [l, 21. Data re?lc-:r.Pme $ c  

nitrogen and olrygen dissociat ion,  and a l so  (but t o  a Lesser degree) dato *ir 

the  contenrt of minor and m s t a b l e  admixtures do nct  r e f l e c t  to a s.~rficiart ,  

dekree the  factual s l a t e  of the  f r e e  atmosphere, and i t s  tme cornposf~ ion ,  

This r e s u l t s  unquestionable according t o  the  following consider~i t ians ,  



Shortcominr,s of t he  Hethod, The following conditions nnsf lae f.d:L-- 

f i l l e d  i n  case of mass-spectrometer use f o r  t h e  analysis  of gas eo~-&posi-- 

t i o n  [3]: I )  gas molecules having undes6;ane col l is io l i  with th.8 hot cathode 

o r  with hot metal l ic  suCfaces must not penetra te  i n  t h e  ionizat ion re~;iar.; 

2 )  no supe r f i c i a l  react ions  a re  t o  take place, The f u l f i l h e n t  of these 

conditions i s  pre reau is i t e  t o  t h e  analysis  of Lhe n e u t r a  c o ~ ~ ~ p a s i  tion, anz 

it i s  pa r t i cu l a r l y  evident i f  e h e ~ c a l l y - a c t i v e  const i tuents  are 2se~enL 

Sn the  gas ~ x t u r e ,  such as molecular, and s t i l l  more so  - t he  a$t::mie sry- 

gen (or  nitrogen),  It i s  however jus t  as evident %hat i n  radiofrcaq~~e~~c;q 

mass -spectrorrleters applied heretofore i n  rocket invest igat ions  oihar~aosphe- 

r e  gas consti tuents,  ne i ther  of these two requiremenls were f111f i ? . l sd t  

Figure l,a next page represents a photograph of a mass-spectron$ter 

Lube applied i n  t h e  research by USA invest igators  El, 51, and Figure 1 

presents a block-diagrm of t he  mass-spectromemer tube sb iLa r  to thpc  

u t i l i z e d  i n  works E2, 61. An ion  source w i t h  gas ionizat ion by slow ele-tsoiis 

5s present i n  both i r is t rmentat ions .  It i s  located ins ide  t he  tuh5, wai2.e 

t he  incandescent cathode filament ( s p i r a l  o r  s t ra igln~;) ,  as well as ihc 

elect rodes  supy~orting it, ape s i tua ted  d i r e c t l y  i n  t h e  path o f  the  frcs- 

~ 5 n g  gas flow, It i s  c l ea r  t h a t  a spec i f i c  (although possibly ver;\- smeil) 

percentage of enter ing p a r t i c l e s  w i l l  be in te rac t ing  with t h e  f i lament arid 

with the  hot electrodes,  A s  a r e s u l t  of t h a t ,  t h e  m o m t  of oxygen Irx 5h.e 

ure  w i l l  decrease (This i s  a known vconibustionr9 phhencsnaenorj 5.11 snass- 

spectrornetq , on t h e  f i l m e n t  of the  ionic  source ) . ShuGtancr.ouslg, new 

molecules, heretofore not present i n  t he  atmosphere, such as CC' ar.:c! C02 

w i t h  M = 28 and M = 4h atomic un i t  masses, must appeas,Tkis i s  observed 



Fig.1, a -- Tube of the radiofreqtiency mass-spectrometer 

utilized in the research work by U.S.A. explorers. 

6 - block-diagram of the tube of the mass-spectrometer 
used in USSR. A - breakable or removable protective hood. 
6 - cross-section of the mass-spectrometert s inlet. B - 
Filament of the ion source cathode that beoomes incandescent. 

r - Wolfram wire grids on braided or nuckeliferous rings. 
14 - Space drifts metallic screens. 'E - Ion collector. 
- Bulb of the tube. 3 - Tube s flanged joint . - I~niza- 

tion space of the ion source. 



i n  r ea l i t y .  Mass M = b4 i s  reg i s te red  during atmosphere comr;asitLo~~ insa- 

surement by means of rockets i n  amounts considerably exceeding (several  

times) t he  co2 content of t h e  a i r  near the  Ear th ' s  surface [I. 2, 51. 

Because of t he  closeness of molecular weights, carbon nonsxids CC carnot  

be resolved with molecular ~ t r o g e n  (M -/ 28 ) . 
The ionizat ion region i s  s i tua ted  ~FD-ediatel~r behind the  -Lon source 

cathode, A spec i f i c  (small)  p a r t  of gas atoms and mcsfecules reaekj-ng &ha$ 

re;-ion i s  being ionized, and t h e  ions  fomed a r e  drawn in the regiur: sf' t h e  

radiofrequency analyzer by subseauent grids,  where t h e i r  subdivialori b~ 

masses t akes  place, 

Upon the  opening of the  tube a t  a l t i tudes  exceeding 100 kin, wt12re 

t he  value of t he  mean length  of mo lecu l e sVree  path exceeds the anaQ;zerus 

d i i ~ n s i o n s ,  the  gas ins ide  t h e  aparatus continuaUy i n t e r a c t s  ~ d i t ~ 1  t h e  

sumou~.ding me~um.  A t  t h e  same time, two equal pa r t i c l e  f"%t~%;es e? spxioslxe 

d i rec t ions  w i l l  be passing through t h e  ionizat ion region : the h%ircetn {SP~crn 

the  atmosphere i n t o  t h e  tube) and t he  "reversen (from the  tubs ir3Lo ttme 

atmosphere). The p a r t i c l e s  of these  two f luxes  do not pract ical ly  i n t e r c c t  

wlLh one another (free-molecular flow), and. they w i l l .  subslanttiall:? dif .i"~ r 

from t h e  s t a ~ d p o i n t  of t h e i r  in te rac t ion  with the  walls  and e l~c t ro : l e s  of 

t he  mass-spectrometerls tube. I f i n  the  d b e c t  flow, molecdes and atoms 

not having undergone collisions,ma;y be present t o  a grea te r  or lesser  .J** spee 

depending upon t h e  or ienta t ion of t h e  i n l e t  opening r e l a t i v e l ~ r  tc rccketfs 

ve loc i ty  vector, dB pa r t i c l e s  of t he  reverse f l ux  w i l l  undergo aae o r  sew-- 

r a l  cohlisions with t h e  walls, t he  colllector and the  g r ids  of  the i ieviqe, 



The p a r t i c l e  temperature of the  reverse f l u x  w i l l  obaiouslg kt: 

equal. t o  t h a t  of t h e  a p p a r a t u s h a l l s ,  and w i l l  d i f f e r  from 1% for the  

f r e e  atmosphere, A s  t o  p a r t i c l e  composition of the  reverse f l k x x ,  i t  w b l i  

a l s o  subs tan t ia l ly  d i f f e r  from t h a t  of the  d i r e c t  f l u  and free atsnosphe,~, 

i f  t he  l a t t e r  contained i n i t i a l l y  unstable compounds capable t o  decompose 

a t  co l l i s i ons  with the  walls  and electrodes of %he tube*9 or actPve radicals 

(atoms) able  Lo recombbe o r  en te r  in any react ions  ( fo r  exmple t o  fcrm 

oxides, n i t r i d e s  or  hydrides of a metal) on t i e  sur f  ace, 

By the  s t r e ~ l g t h  of t h e  f a c t  t h a t  p a r t i c l e  ionizatiann a! t h e  sPIraLghd 

o r  reverse f luxes  Lakes place with an equal probabi l i ly ,  %lie resul ts in& 

co~nposition recorded by the  apparatus may substanltially difi:"er from the 

composition of the  f r e e  atnosphere. Thus f o r  instance,  i f  moleetn3as o q g e z  

i s  absent in t h e  atmosphere ( t o t a l  d issocia t ion b2]/ [d 0 and in 

t he  reverse flux a l l  owgen atoms r e s u l t  recombined i n t o  ms3-ecuLes, $he 

resu l t ing  r e l a t i o n  of a t o e c  and molecular omgents  concen%rations i n  t h e  

ion iza t ion  region w i l l  be  [0J / LO = 0.5. se, t he  magni t~de reearc'sd 

by t he  mass-spectrometer t h a t  i s  close t o  it, may be wrongly fnbespret#ed 

as r e f l ec t i ng  t he  t r u e  composition of Lhe atmosphem, 

A s  a r e s ~ l t ~ u n d e r r a t e d  f igures ,  incompatible with the resliws w5%L 

be obtained f o r  the  degree of molecular oxygen dissociat ion,  wiaila t h e  

mean molecular weight of t h e  air determined by these  data ~5.11 bc overrz+:"l:ad, 

This apparently i s  exacLly what took plzce i n  the  meas~~rementa 

e u r i e d  out by the USA invset igators  during t he  IGY [I]. Tkie va13ee of 

t h e  mem molecular weight of t h e  a i r  a t  a l t i t u d e s  Lo 2b0 hi d e t e r ~ ~ x ~ ~ e d  by 

Townsend according t o  t he  data of these  lneasuremenLs [SI, m u s t  $r,us be 

considered as overrated. The close values of t h e  degree of nrolec~Lar o-qyen 



dissociat ion,  uad consequently of t h e  mean molecular weight of %he &%T, 

obtained during t h e  three  dif 'ferent roe ket  launching s f o r  subs$ entiafky 

d i f f e r en t  angla  of a t t ack  of t he  mass-spectrometer Lube  ownse send s arg1;~- 

ment, see ref .  [s]), do not const i tu te  a t  all t h e  proof of the fa<*%, t..iat 

oxygen atom recombination process ins ide  the apparatus may be neglected, 

To t h e  contrary, t h e  opposite point  of view i s  here eorroboreded: Tke 

recombination of atomic o q g e n  ins ide  t h e  tube Lakes place i.pear1.y to the 

same degree, regardless  of t h e  value of t h e  angle of a t tack,  

The v m i a t i o n s  of t h e  angle of a t t ack  could not be subs ta~ l in i~3-y  

r e f l ec t ed  on concentrations of 0 ins ide  t he  tube ellen i n  t h e  d i rec t  -k"Pa:, 

s ince  rocket ve loc i t i e s  always were e i t h e r  csmensuraLe wit11 t h e  mew 
- 

thermal v e l o c i t i e s  of p a r t i c l e s  or lower : vp 4 vT. The construction 

of t he  Townsend apparatus i s  such (see Fig, P) t ha t  a notable a h m e  sf 

p a r t i c l e s  of t h e  d i r e c t  flux may reach t he  ionizat ion r eg ion  wi$;scuk 

experiencing co l l i s i ons  with wa-lls, but  only i n  a small rm,;e of the  

angles of a t tack (from 0 t o  1 l 0 ) ,  anct only on condit ion sf a suffj.ciealCIrr 

P T 
"Ci km L O T  high rocket  veloci ty  (v > ). I n  rocket experiments with a 2.: 

tracjectory t h i s  inequal i ty  i s  not f u l f i l l e d :  a t  T PBC ~000' K the mean 
i s ,  

thermal ve loc i ty  of t h e  oxygen atom/ VT - lo3 m/sec, and t h e  roeker. vela- 

c i t y  a t  100 Lan a l t i t u d e  i s  % = 1.7 . IDJ m/sec, and a t  226 kn i t  i s  

A l l  t h e  &ove-said i s  a l so  v a l i d  as regards rocket  measu~*e-i,ects 

of t he  n e ~ t r a l  composition car r ied  out by A, A. Pokhplnkov C2, 63, inasm~;lsti 

as t he  consLruction of t h e  apparatus a s  wel l  a s  the  measuremenb ~i:f:hod 

do not d i f f e r  substrsnlially from those described i n  references La, 5]* 



For the  reasons expounded the  obtained value of t h e  mean anol:?culaz* weight 

of t he  air a t  200 ksn a l t i t u d e  (26.6 g/mole, C6]) ,  jus t  as  are the  vaE.~scs 

of r e l a t i v e  concentrations of molecular oxygen a t  100 - 211 krn altitude:, 

a re  apparen-tly overrated. The valus of atornic oxygen concentr*atiorx,s a t  %he 

same a l t i t udes  a r e  probably underrated, 

As a cornplernentr-~n~r argwnent, the re  a re  tine r e s a t s  of ogticali meas.,- 

re:nents of densi ty  sf molecular oxygen i n  t he  atmosphere aeeordir,k t o  

absrption of u l t r a v i o l s t  r ad ia t ion  of the Sun a t  a lki tudes  da 3-20 km, &tat- 

ncd with the  help sf photometers a l o f t  on rockets c77, Acecjr din? 10 these 

measurements, t he  O concentration in t h e  atmosphere i n  the i-nterval frcm 2 

110 t o  180 km drops LOO times : 

These r e s u l t s  diverge su 'ostantialPj  from %he data su~ry l i ee  by mas$- 

spectrometric measurements of t h e  composition of t h e  a tmsphere ,  1% f o L l a ~ c  
- 

fromLI9 2, 5 ,  63, t h a t  Q2 is  r e l i ao ly  r eg i s t e r ed  by t h e  mass-spsc~romztsr 

a% all rocket  f l i g h t  a l t i t u d e s  through 210 -C- 220 km, while according t e 

data  of op t ica l  meas-meinents, t he  concentration becomes c lose  LO -:he 1"iri.t 

of tha t  detectable  by mass-spectromter, i. o. of the order of 3.0~ 4 ~ i 1 - ~ ~  

already a t  180 lan a l t i t u d e  i2, 61. 

Possible3 ldags of ovsreo~ning these Di f f icu l t i es .  in or2er to o'k)"t;slc -- 
full-fledged data 3n the upper atmosphere gas content, $ncS_udbg ddeta s r a  tale 

degree of d issocia t ion of molecular oxygen and nitrogen, sn atz&sr;.iic i ~ y d s o ~ ~ n  

concentration, and on t h a t  of unstable compounds of t h e  OH tyae,&",cee, dt 



i s  necessary, as already s ta ted,  L'lat t h e  d i r e c t  flux from the  ati.rsospPLer.~ h i t  

t he  ion iza t ion  region withou% p re l im inaq  co l l i s i ons  wiLh the iorz scaLree 

cathode, with electrodes,  and with t he  walls  of the  tPlbe, and that the 

reverse f l u '  pa r t i c l e s ,  having experienced co l l i s ions  w i t h  ths zxbbode 3 

the walls  and the e lec t ro&s ,  d id  not undergo asa m s u l t  my charges, c,r 

did not reenter  t he  ionizat ion region, 

The requirement r e l a t i v e  t o  the  absence of inLeractians b 2 t . i j . e ~ ~  - 'c 

d i r ec t  flux and the ion  source cathode is  e a s i l y  fulfillsd, It i s  indlea?ed 

Lo remove the cathode from the path  of the  inflowing gas by chan~ ing  t h e  

layout of the  ion  source in such a way t h a t  t h e  e lect ron beam be p e r p e ~ l ~ e u l a r  

t o  the molecular bundle, and by separating t h e  cathode from the  Sonizatie-.n 

region by appropriate diaphragms. It i s  well known t h a t  -&he i o n  cources a!! 

magnetic mass-spectrometers a re  b u i l t  according t o  t h a t  pr inciple* If a t  

t h e  same time a good " e x h a ~ s t i o n ~ ~  of the  ion s m r c e  region i s  assllred, 

i, e s  t h e  gas exchange with t h e  susrounding space, a cornplemen t a q  possiba - 
XiLy of subs tan t ia l ly  increasing the cathode power w i l l  r e s u l t  w i~ lhsu t  

t h e  f e a r  of lPmiting %be apparatus'  s ens i t i v i t y  by t h e  @ppeaPance c ~ f  ari 

undes jlsable $~rbackgro"mdPbsf cathode and electrode emanations, A t  cfie s&nc 

time t he  emission c w r e n t  w i l l  i n tens i fy ,  wbicil i s  equivalen"s,t the in- 

crease i n  mass-spectrometer's s ens i t i v i t y ,  

The second requiremesll - t he  elirriination or" reactions on t h e  

elect rode surfaces, and on t h e  walls of the  tube of' the  aratalyzer - i s  

considerabw sore d i f f i c u l t  t o  sa t i s fy .  

Measurements on Rockets. Under cor:ditions of r0cke.b e~cperhnents - 
f o r  hihich comparatively small r e l a t i v e  ve loc i t i e s  are  c h a a c t e r i s  L L3 



v M ( 1  -+ 3)  * loS cm/sec , one may not f ea r  molecular const i tuent  di ssc- 
P 

c i a t i on  i n  t he  apparatus a t  co l l i s i ons  with the  walls. However t h e  danger 

of atom recombination, and t h a t  of the  binding of act ive  consti'tuewls is, 

combinations on the  surfaces remains. It i s  hardly appropriate Lo at%e~n'pL 

t o  account f o r  a l l  those cornplex and d ivers i f i ed  react ions  which ma3 take  

place between pa r t i c l e s  of t h e  gas phase and p r e l i m i m q  adsofoc+d ado~ns, 

and d t r o g e n  and oqgen mol2cules or eompollnds f omed on the  sus f  b ces , 

A s  i s  well known, t h e  r a t e s  of s imilar  react ions  depend Lo a greater d e ~ ; e d  

on t h e  chemical nature of t h e  surface, a s  well  a s  on i t s  s l a t e ,  $re desrsc- 

of pu r i t y  and degasi f icat ion,  (see  f o r  exampls reference [8)), 

The se lec t ion  of proper construetion mater ia ls  o r  c o ~ r e r i g  s f a r  tl e? 

walls  of the  bulb f o r  analyzer ' s  electrodes would be of some .ise despite it 

being a p a l l i a t i v e  way t o  remedy the  s i tua t ion ,  Certain of these izasures 

may t o  a ce r ta in  extent  cleerease t he  va r i a t i on  i n  the  campasition 05 L1he 

reverse flux, although atom recombination i n t o  moleeuXes can hard.11-y be er*.i- 

r e l y  e l w n a l e d .  Thus, f o r  instance,  according Lo reference [93, Lhe valxes 

of atoms 8 H and IP recombination coef f ic ien t s  on the  surf ace for abl inres  - 
t iga ted  coverings (oxides of chromium, magnesim, molybdenm, zinc and le~d) 

lie within the  range b * loe2 + 1 * lo-', s trongly varying in ieperdence 

upon t h e  type of gas. The nitrogen atom recombination coc;ff icie~?ts 1311 the 
-7 

surface (?t ,  LiCl, P ~ O )  a l so  a r e  extremely high (1 - 5-h - 10 - )  

see  reference [ 3 ]  . 
In  our opinion, the  on ly  r ad i ca l  measure i s  the  i n t r ad11~~50n  of sn 

ef fec t ive  exhauslion of t h e  analyzer region s imi la r ly  t o  what was LEready 

done ( fo r  other purposes) f o r  t h , ~  magnetic mass-spectrometer on a rookeb % ~ ~ 3 ] *  



A t  the same time, thcapparatus90nnsruct ion must be s u b s t n n t i d 2 j  modi- 

f i ed ,  Gonsider&le technical  and technological d i f f i c u l t i e s  xnay be m~ti- 

cipated here. 

A qu i t e  d i f f e r en t  approach may be made f o r  t he  so l̂ta"r,ion of the 

problem s e t  up. It i s  possible t o  attempt Lo dis t inguish t h e  d i r ec t  and 

reverse f luxes, taking advantage of t he  difference i n  ve loc i t i e s  of p a r t i c -  

l e s  cons t i tu t ing  them. m a t  i s  r e a l l y  meant i s  t h e  possible d i s t r r ~ c t i o n  

of mean thermal ve loc i t i es ,  a s  wel l  a s  the  presence of a regirlate~d veloci- 

Ly i n  t he  p a r t i c l e s  of t he  d i r ec t  flu, 

Measurements on S a t e l l i t e s .  The d i s t i nc t i on  i n  regulated ve10eit:~es - 
i s  par t i cu la r ly  easy t o  u t i l i z e  during experinents on the  E8rdj.1 '~ o r l i i i - . i a l  

s a t e l l i t e .  In t h i s  case the  difference i n  t he  ve loc i t i e s  of the  direct a.1~3 

reverse f luxes  

v  = 
sat 

where f is  the  accornodation coeff ic ient ,  and it may l i e  within <ha raga 

from 8 t o  @ 20 W s e c  (vsaL = 8 -9- PO km/sec). H ecause of t h e  f a c t  ,.lilak 

even a t  e l a s t i c  c o l l i s i o n  with the  electron,  t h e  h p u l s e  va*iatisrl  ef t h e  

p m t i c l e  M w i l l  be of t h e  order of the  r e l a t i o n  of e lec t ran  masses an2 

pa r t i c l e s  -- d ( ~ v )  .v m , / ~  < I Q - ~ ,  t h i s  difference i n  v e l o c i ~ # i e s  w i l l  w 

preserved i n  the  d i r e c t  and reverse f luxes9  ionized p a r t i c l e s  toe, these 

p a r t i c l e s  appearing i n  t he  region of apparatus?onizatian, 

Conseauently, t h e  pos i t ive  ions of the  d i r e c t  f l u ,  having the mess 

m b e r  M, and t h e  charge q ' 4.8 m. CGSE , w i l l  be endowed i n  t n e  

malyze r  with energy, excessive i n  comparison with %ha% of reverse fhiact 

ions, and equivalent t o  the  presence of a  ce r ta in  accelera2,lng differencs 



ef potentials 

: A V =  300% - 

-24 - where no - 1.66 10 g is  the magnitude equal t o  1/16 of the weight 

of the @*@;en atom. 

Since the mass-spectrometer's operating regime is determined by 

the potentials of its grids relatively t o  s a t e l l i t e ' s  body, values of 

part icle velocities of the direct and reverse fluxes must also be taken 

into account relatively t o  the sa te l l i te .  In t h i s  case, we shal l  have: 

for  particles of the direct flux - v re1 - Vsat 

for  p d i c l e s  of the reverse flux - Vrel--v (l--p)*. sat 

The complementary accelerating or decelerating potential, equiva- 

lent  t o  the presence of the given relat ive velocity, w i l l  be written: 

The negative sign is related t o  particles of the direct flux, for  

which the *accomodation coefficientn has a single value P - 0 (there is 

no interaction). 

The following Table brings forth the AVv values, calculated 

according to  formula (1) for various mass numbers i n  the assumption 9 = 0. 



For ions formed from par t ic les  of the d i rec t  flux, AvV< 0, 

and f o r  the  ions of the reverse f lux  Avv >, 0 . Correspondingly t o  this 

the effective decelerating potent ial  of radio-frequency mass-spectrometer 

f o r  par t ic les  of the d i rec t  f lux  rill resul t  underrated by the magnitude 

AVv, and it w i l l  be unchanged or  overrated, depending upon the  value 

f o r  the  reverse f lux  par t ic les  

'ef f . dec ,pot. = U dec,pot. + nvv 9 

where U 
dec.pot. i s  the nominal value of the decelerating potential ,  f ixed 

during the tuning of the  apparatus i n  t h e  laboratory. 

The mass peaks i n  spectra registered by the  mass-spectrometer on 

the  s a t e l l i t e ,  w i l l  r e su l t  shif ted on the apparatus1 scale toward the 

l i g h t  masses f o r  par t ic les  of the d i rec t  flux (similarly t o  the  way it 

takes place i n  the case of the ion analysis Cll]), and toward heavy masses 

f o r  the reverse f lux  part ic les ,  having experienced reflectionwwith the 

accomodation coefficient f 4 1. The mass peaks of reverse f lux  par t ic les  

having ref lected with the  accomodation coefficiebt ? - 1, w i l l  not expe- 

rience any shaf t  on the  scale. 

Fig. 2, a - Spectrum of masses given by the 
radio-f requency device ( one component with the 
mass number M)  . The device i s  immobile. 
6 - same, but  the  device i s  shif t ing with a 
great  speed; i t s  axis i s  directed along the  
velocity vector; B - same a s  i n  '1, but a 
variable decelerating potent ial  i s  iniroduced 
i n  the  d e v i ~ e .  



Let us exemplify %he above-said. I n  a Elennett-typt~ radic-Pre- 

quency mass-spectarometer t h e  separation by masses i s  achieved ay 

var ia t ion  of t he  accelera t ing voi-tzge, iinder laboratory e ~ a ~ d i - t ~ ~ o n s  

t he  vass number i s  detern~ined by t he  formula 

where M i s  t he  peak number expressed i n  a.m,u., V i s  the value cf 

voltage accelera t ion i n  v o l t s  a t  time of peak occurrence, an*' li i s  

t he  consLznG of t h e  device (of %he order sf 5 - I0 v/ m13 ) e 

I n  view of t h e  f a c t  t h a t  t h e  apparatus works a s  a velocjty L i l -  

of t e r ,  allowing t he  passing through t he  c ~ l l e c t o s ~ o d y  the  f ocs  bccelera-  

t ed  by t he  voltage V up t o  a ce r t a in  spec i f i c  ~ n e h r o ~ ? o u s ~ ~ : " l i ~ : k t  

velocity,  ions  with t h e  mass number M w i l l  be  accelerated t o  1,X-e sy i -  

chronous ve loc i ty  during %he analysis  of t he  composition of' gas  strms- 

phere on t h e  s a t e l l i t e  a t  d i f f e r en t  accelera t ion voltage, dependin6 

on whether t he  pal-t,iehes belong t o  t he  d i r ec t  o r  Lo the  revers- Th.9  

with f-% === 0 or  $ = l. The occurring mass speeivrm is represented i t -  

Fig, 2. 

A s  follows  fro^ (I) and (3 ) ,  %he mass s h i f t s  of t h e  pezks t r  FC 

%- V,/k = T 3 0 0  %(l-- r )  vzat/2qk $ 1 

The ma;;nitudes a r e  a l s o  compiled i n  the Table, 

The obtained t h r e e  peaks of one component M may be resolved 

if %he resolving capacity of t h e  device i s  su f f i c i en t l y  great, f e e e  

i f  the  condit ion 



i s  f u l f i l l e d .  

Subst i tu t ing the  numerical values of the  magnitudes, ;.lki as sani:lg 

v = 8 105 crn/sec, and 9 = 0 ,  (conditior. which always i;ke pLtce f3r 
sad 

t h e  d i r e c t  flow), we have 

R &3k ( 5 1 )  

This inequal i ty  I s  f u l f i l l e d  a t  t he  usually eneounccired -oaram+ 

t e r s  of the  arpparztus, For exwple, a t  k = 7, resolut ion B m ~ s t  exceed 

21, which i s  e a s i l y  reached, a t  l e a s t  f o r  t h e  mean mass nunber vaLues 

M = 12 + 60 a.mu. c2, 63. 

Therefore, the  problem of separating t he  d i r ec t  and "e;e l*eve?se 

flrures by radio-frequency mass-spectrometer or1 a s a t e l l i t e  is e a s i l y  

solved on condit ion t ha t  the malyzed gas cons i s t  of a s ingle  eon1laone18;, 

or  s f  several,  with a di f ference i n  mass numbers 

This inequal i ty  i s  not, even fu l f i l . l ed  f o r  t h e  basic co21ponent~, 

a t  l e a s t  a t  not too high a l t i tudes ,  i n  t h e  t e r r e s t r i a l  atmosphere k there 

are close according t o  mass numbers, molecular a d  atomic n i t r o g e c  and 

oxygem see t he  Table). The superimposition of d i r e c t  and reverse f l ~ x e s "  

peaks of various comonenls may o ~ l y  be avoided i n  t h i s  case ssy t a k i o ~ ~  

advantage of t h e  circumstance, t ha t  the  e f fec t ive  decelerating po ten t ia l  

f o r  t h e  d i r ec t  flow w i l l  be lowered by the  m a g ~ t u d e  Av, , (see ( 2 ) ,  

with &v, 4 0 ) .  



This i s  re f lec ted  i n  Fi g l r e  2. The amplitude of Lhe diraef  fPacf 

peak exceeds t he  peaks of reverse p a r t i c l e  f l u x ,  f o r  t he  l e v e l  o f  tlae 

6ecelerating po ten t ia l  of t he  mass-spectrometer i s  normally mainatailled 

constant. The resolut ion $or t he  peak of d i r e c t  f l ux1  p a r t i c l e s  i s  beeo- 

ming worth than the  nominal. 

The peaks of the  reverse f l u x  may be suppressed by r a i s i ~ g  the 

2 
'dee pot by t h e  magnitude &vv 300 M mo v sat / 2 q vol t s ,  i. e. by in t ro-  

ducing the  a l t e rna t ing  decelerating potent ia l ,  independent* from $lie mass 

number value t o  which t he  apparatus has been tuned: 

U = = U  
dec pot dec poto f 390 M mov2 s a t  /2q = U F0 3. 

+ ic v/k9 ( : ' f  

5 - 300nbv:ad2q = 0.332 v/amu f o r  vsat = 8 10 cni.sec, where kl = 

and kl = 0.519 v / m  f o r  vsat == 1 * 1 0 6 c m / ~ e ~  

A t  the  same time, another f a i r l y  important advantage i s  rctsaled 

i n  addilion, consist ing in t h e  f a c t  Chat a normal r e g h e ,  mcordink; do -thL.; 

decelerathg po ten t ia l ,  w i l l  be sustained f o r  the  peaks of t h e  direcz fhx' 

p a r t i c l e s  independently from the  value of t he  mss number, i , e ,  a nomiz~ak 

resolla <.on w i l l  be preserved i n  t he  t o t a l  absence of harmonic peahs i n  the 

spe ctrum, 

The peaks of t h e  reverse  f l u x v a r t i c l l e s ,  having ref lecten with 

9 = 1 (and with p = 0 a f o r t i o r i ) ,  may be t o t a l l y  locked if a t  the 5.r:tra- 

duction of the  a l t e rna t ing  deceleration po t en t i a l  according %0 (61, the  

following condit ion i s  f u l f i l l e d :  



This is  understandable insasmuch a s  t he  right-han6 expreseaon 

represent t he  value of ion energy, having passed the  po t en t i a l  beprier 

of t he  dev ice l s  deceka t i ng  g r i d  f o r  the  case of an 

Here U 
eff.  hf i s  the  e f fec t ive  value of kf voltage on t h e  a ~ ~ a l y z e r ~ s  

grids. P i s  t he  number of cascades i n  t h e  analyzer; K i s  dhe nisgnil:ida 

characterizing t he  r e l a t i v e  l e v e l  of the  deceleration podelllial:: 

' 'dpo 1 'max dp 

U ,,, dp being t h e  peak cutoff potent ia l .  

Condition ( 7 )  means t h a t  t he  regime of t he  apparatus at  h igh  fre- 

qcency cannot be a r b i t r a n ,  while f o r  t h e  mass peak cutoff  sf the reverse 

f l m Q m t i c l e s ,  t h e  f d f i l l e m e n l  i s  required of t h e  following s o n d i t i ~ n :  

For a three-cascade analyzer (P = 3) ,  asswing  k = 0,155 with dne 

ve loc i ty  vsat = il ,103 cm/sec, we have 

Therefore, i n  order t o  obtain undistorLed spectra  charaeteriaii?g 

the  corr;positio:l of t h e  atmosphere containing atomic nitrcgers a ~ d  oxygen 

(M Fa= Pb9 M PS= 169 respectively),  t h e  e f f ec t i ve  high-frewenry w i t a g e  o; 

the  mass-spectrometer on t h e  s a t e l l i t e  must not exceed - 5 volts, 

The advantages of the  recornended oprating regime f a r  t h e  mass- 

spectrometer on t h e  s a t e l l i t e  is sehemalically i l hus t r a t ed  i n  Pfg ,2 ,  

A% the  introduction of t he  a l t e rna t ing  deceleration po ten t ia l ,  and aha 

on the  condition of a proper se lec t ion  of t h e  high-freauency amplitude, 



the mass peaks of par t ic les  of the reverse f lux  are t o t a l l y  locked i n  

and are not registered. Only the mass peak belonging t o  the  component's M 

d i rec t  pa r t i c l e  flux, reproducible with a nominal resolution, remains i n  

the spectrum. 

It must be especially underlined t h a t ' i n  the described operating 

regime, the mass-spectrometer w i l l  a l so  be insensitive t o  molecules of 

compounds haring formed as a resul t  of reactions on the  hot cathode of 

some of the atmospheric constituents, a s  'well as t o  the ngassingn background 

o f  the  cathode, and of electrodes, and of the walls of the tube, including 

the  s a t e l l i t e  i t s e l f .  * The d i f f i cu l t i e s  connected with the presence of all 

these upsetting factors, and the  dis tor t ions of the t rue  composition of 

the atmodhere, as well as the l imitations of the useful (effective) sensi- 
* 
6 t i v i t y  of the mass-spectrometer w i l l  not take place.* 

The t rue  mess number of peaks of d i rec t  flux! neutral  atmospheric 

components t o  be regis tered by the mass-spectrometer on the  sa te l l i t e ,  

may be detrmined, as t h i s  r e su l t s  from the correlations ( l ) ,  (3)  and ( b ) ,  

by the formula 

Here I&,,.- is  the  mass number of the  peak determined a t  deciphering 

t h e  recording of the value of voltage acceleration V at time of i t s  appearance 



Mv is the correction accounting for  the velocity of the sa te l l i te .  

A similar formula fo r  the determination of the true mass number 

of peaks of atmospheric ions Ell3 is only distinguished by the term accoun- 

ting for  the s a t e l l i t e ' s  potential : 

It follows from the comparison of (9) and (lo), that  when the 

mass-spectrometer operates i n  the described regime, the difference,obtai- 

ned at time of switching the apparatus i n  sequence from the analysis of 

the neutral component of the atmosphere t o  that of the ion component and 

vice-versa,between the values of the mass numbers oitained for  neu$rd 

and ionizied part icles af the same mass by deciphering (for -1e of 

neutral and ionized atomic oxygen, 0 and 0') w i l l  only be determined by 

the s a t e l l i t e ' s  potential, and will not be dependent on other factors, 

such as the variations of the apparatus1 e lect r ic  regime, variations in 

sa te l l i t e ' s  velocity and so for) .  Thus the potential 9 of the sa te l l i t e  may 

be determined from the correlation : 

1. Measurements of gas composition of the atmosphere effected to- 

date above 100 km alt i tude with the help of radio-frequency mass-spectro- 

meter installed on rockets do not yield a correct representation on the 

degree of dissociation of the basic atmosphere constituents - 0 and I, 



and they therefore  cannot serve a s  i n i t i a l  data  f o r  the  determi n a t t ~ ~ n  

a t  various a l t i t udes  of the  molecdiu' weight of t he  a i r ,  

I n  order t o  solve t h i s  fundmen?dal problem, t h e  method of mc.asu.rc- 

ments by means of a radio-f requency mass-spectrometer 1ll~2s-t be SU% dj;anti32~15r 

improved, 

2. Measurements of gas composition of t h e  atmospkdse witk  t h e  a i t ~  

of a radio-frequency mass-spectrometer on an Ear thus  a r t i f i e l a l  s a s e i l ~ k c  

may provide undistorted data on atmosphere composition, inclndlng thosa  c y *  

the  degree of d issocia t ion of oxygen and nitrogen a t  s a t e l l i t e t s  TLighb 

a l t i t ude ,  provided spec ia l  chmges a r e  made i n  the  apparatus s o  as t o  i n f c a -  

&we the  a l t e rna t ing  dece lesa-tion p o h n l i a l ,  and dbdnisln the higa-f re ~ ~ c c z g  

voltage .. 
1 7J", * It i s  e s sen t i a l  t h a t  i n  t he  recornended operatixlg conc1it.L 

the ef fec t ive  mass-speclronleter's s e n s i t i v i t y  be no% I M t e d  "5s t7e back-- 

ground of the  apparatuss and s a t e l l i t e ' s  s"assingu. 

3,  Data on s a t e l l i t e ' s  po t en l i a l  may be obtained a% peri~.dical.  

swi tehhg  of the apparatus from t h e  analysis  of t h e  neu t ra l  gas eo!n~ss i t i cn  

%o tha t  of ion  composition and vice-versa. 
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